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 0 is satised, it






. Thus, non-twisting (and therefore geodesic) and non-expanding null
congruences must be shear-free. Hence, the space-time is algebraically special, and it corresponds







unless + p = 0. This class of solutions has been studied by Kundt [7].









. The null vector k of a Kerr-Schild metric is geodesic if and only if the energy-momentum






= 0, and then k is a multiple principal null direction of the Weyl
tensor and the space-time is algebraically special. The general properties of the Kerr-Schild metrics
and their applications to vacuum, Einstein-Maxwell, and pure radiation space-times can be found
in [3].
Finally, we note the algebraically special perfect uid space-times corresponding to the gener-
alized Robinson-Trautman solutions investigated by Wainwright [8]. They are characterized by a


























(z; z; u)dzdz + 2du(dr  Udu) ; (3)
with










 0 : (4)
In this case no dust solutions nor solutions of Petrov types III and N are possible.
2 Analysis
Let us consider space-times admitting a shear-free, irrotational, geodesic null congruence in which
the source of the gravitational eld is a combination of a perfect uid and null radiation, so that the
energy-momentum tensor has the form
T
ab















is the four-velocity of the uid,  and p are the density and the pressure of the uid,
respectively, and k is a null vector. The null radiation is geodesic, twist-free, and shear-free, and
denes the null congruence. Wainwright [8] proved that for a space-time in which there exists a SIG
null congruence, coordinates can be chosen so that the metric takes on the simplied form (3) with
u = x
1
, r = x
2












































































. Note that the null























































































































































B implies l u = B
2




















If we now assume that the uid is non-rotating, then B
2
= U + F (r; u), and the compatibility
condition (12) can be written as















] = 0 : (15)
There are consequently two dierent cases to consider.










= 0, so that




(u). Obviously, the solutions admit a multiply transitive group of motions,
G
3
, acting on the 2-spaces r =const, u =const, of constant curvature, and belong to class II of












+ 2du(dr  U (r; u)du) : (16)
































































and the Ricci scalar is given by
R
2












































































In the second case (i.e., 
2
;rrr
= 0) two possibilities arise:
(i) 
2







); k = const : (24)




+ 2br + c, with a, b, c























= G(u) ; (26)




,   b
2
  ac, and G(u) is an arbitrary function of u.
Subcase (i): a = c = 0, b = =2. Integrating equation (26) we see that S can be written in the
form












F (r^; u) ; (27)
where h(u) and f(u) are arbitrary functions of u.
Subcase (ii): a = , b = 0, c =  k
2
,  = k
2
. We obtain






















F (r^; u) : (28)
Therefore, the metric (3) with (r) given by (23) or (24), S(r; u) given by (27) or (28), and
P (z; z; u) satisfying (25) can be interpreted as pure radiation plus a perfect uid, in which the
four-velocity is determined by (8) and 
2
,  and p are determined by (21) and (22), respectively.
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